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HIV-1 (V3 loop) –
Hldeki TADA Eitarou SEKITA
\Lambda
Abstract The $\mathrm{V}3$ loop is a region $ix1$ the envelope protein of HIV-I whose
polypeptide(amino acid sequence) extremely tends to change.Certain amino
-acid pairs in the $\mathrm{V}3$ loop do not have only independent mutations but cov-
ariant mutations.We apply information theory for an analysis of the $\mathrm{V}31\mathrm{o}\mathrm{o}\mathrm{p}$
in order to draw a certain law of change of polypeptide of the $\mathrm{V}3$ loop.
Key $\mathrm{W}0_{\sim}^{r}\mathrm{d}\mathrm{s}$ : $\mathrm{V}3\mathrm{l}\mathrm{o}\mathrm{o}\mathrm{p},\mathrm{M}\mathrm{u}\mathrm{t}\mathrm{u}\mathrm{a}\mathrm{l}\mathrm{I}\mathrm{n}\mathrm{f}\mathrm{o}\mathrm{r}\mathrm{m}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n},\mathrm{S}\mathrm{p}\mathrm{e}\mathrm{c}i\mathrm{f}\mathrm{i}\mathrm{c}\mathrm{I}\mathrm{n}\mathrm{f}\mathrm{o}\mathrm{r}\mathrm{m}\mathrm{a}\mathrm{t}i\mathrm{o}\mathrm{n},\mathrm{C}\mathrm{o}\mathrm{v}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{a}\mathrm{n}\mathrm{t}$Mutation flow
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HIV HIV-I
{?}e $\mathrm{B}$ “ \hslash ffi (Siman immunodeficiency virus,SIV)
WHO 2002 12
HIV 4200 500






















$A$ Alanine $R$ Arginine
$N$ Asparagine $D$ Asparticacid
$C$ Cysteine $Q$ Glrtamine
$E$ Glutarnicacid $G$ Glycine
$H$ Histidine I Isoleucine
$L$ Leucine $K$ Lysine
$M$ Methionine $F$ Phenylalanine
$P$ Proline $S$ Serine
$T$ Threonine $W$ Tryptophan
$Y$ Tyrosine $V$ Valine
2.2 HIV $\mathrm{V}31\mathrm{o}\mathrm{o}\mathrm{p}$
HIV $11\mathrm{O}\mathrm{n}\mathrm{m}_{\text{ }}$ 9500 RNA
120 $\mathrm{g}\mathrm{p}41$
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$\mathrm{H}\mathrm{E}$ A $\mathrm{G}$ A $\mathrm{W}\mathrm{G}\mathrm{H}\mathrm{E}\mathrm{E}$
$\mathrm{P}$ A $\mathrm{W}\mathrm{H}\mathrm{E}$ A $\mathrm{E}$
$\Downarrow$
$\mathrm{H}\mathrm{E}$ A $\mathrm{G}$ A $\mathrm{W}\mathrm{G}\mathrm{H}\mathrm{E}$ - $\mathrm{E}$












V31oop $i(1\leqq i\leqq 33)$
$A^{i}$ $A$ 20 1
$P(A^{i})$ $\mathrm{i}$
( )
$H$ ( $\sum_{A^{i}}P(A^{i})\log P(A^{i})$
$\mathrm{H}(\dot{\mathrm{x}})$
$i$
$A^{i}$ , $j$ $A^{j}$ $P(A^{i}, A^{j})(i\neq-j)$














$(1 \leq j\leq m-1)$
$m$ $\mathrm{m}$
$\mathrm{m}$
$(1 \leq j\leq n)$ $(1 \leq j\leq n-1)$
$M(i_{1}, \cdots, \mathrm{i}_{n})=M(i_{1}, \cdots , i_{n-1})-M(i_{1}, \cdots, i_{Tl}-1|i_{n}).$ $\cdots(1)$
$i_{n}$
$A^{(n)}$ $ij(1\leq j\leq n)$ $A^{(j)}$
$P(A^{(1)}, \cdots, A^{(n-1)}|A^{(n)})$
$H(i_{1}, i_{2}, \cdots, i_{n-1}|i_{n})$
$de=^{f}- \sum_{A(j)}P(A^{(n)})P(A^{(1)}, A^{(2)}, \cdots, A^{(n-1\}}|A^{(n)})\log P(A^{(1)},A^{(2)}, \cdots, A^{(n-1)}|A^{(n)})$ .
$1\leq j\leq n$ 20 $A^{(j)}$
$1\leq j\leq n-1$ $ij$ $A^{(j)}$
$P(A^{(1)}, A^{(2)}, \cdots, A^{(n)})=P(A^{(n)})\cdot P(A^{(1)}, A^{(2)}, \cdots, A^{(n-1)}|A^{(n)})$ $\cdots(2)$
$H(i_{1}, i_{2}, \cdots, i_{n})=-\sum_{A^{(j)}}dejP(A^{(1)}, A^{(2)}, \cdots ? A^{\{n\rangle})\log P(A^{(1)}, A^{(2)}, \cdots, A^{(n\}})$
Prop. $H$ ($i_{1}$ , i2, $\cdots,$ $i_{n-1}|i_{n}$) $=H(i_{1}, i2, \cdots , i_{n})-H(i_{n})$
(proof)(2)
$H(i_{1}, i_{2}, \cdots, i_{n})=-\sum_{A^{(\mathrm{j})}}P(A^{(1)}, A^{(2)}, \cdots, A^{(n)})\log P(A^{(1)}, A^{(2)}, \cdots, A^{(n)})$
$=- \sum_{A^{(j)}}P(A^{(n)})P(A^{(1)}, A^{(2\rangle}, \cdots, A^{(n-1)}|A^{(n)})$
$\{\log P(A^{(1)}, A^{(2)}, \cdots, A^{(n-1)}|A^{(n)})+\log P(A^{(n\}})\}$
$=- \sum_{A^{(j)}}P(A^{(n)})P(A^{(1)}, A^{(2)}, \cdots, A^{(n-1)}|A^{(n)})$
$\log P(A^{(1)}, A^{(2)}, \cdots, A^{(n-1)}|A^{(n)})$
- $\sum_{A^{(n)}}P(A^{(n)})\log P(A^{(n)})\{\sum_{A^{(1\rangle}}\cdots\sum_{A^{(n-1)}}P(A^{(1)}, \cdots, A^{(n-1)})\}$
$=H$ ( $i_{1},$ $i_{2},$ $\cdots$ , i $l|i_{n}$ ) $+H(i_{n})$ . $\blacksquare$
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$n=2$
$M$ (il, $i2$ ) $=H(i_{1})-H(i_{1}|i_{2})$





$M$ ($i_{1}$ , i2, $i_{3}$ ) $=M(i_{1}, i_{2})-M(i_{1}, \mathrm{i}_{2}|i_{3})$ .
$M(i_{1,2}i|i_{3})$






$M(i_{1}, i_{2}|i_{3})=- \sum P(A^{(1)}, A^{(3)})\log\frac{P(A^{(1)},A^{(3)})}{P(A^{(3)})}$
$+ \sum P(A^{(2)}, A^{(3)})\frac{P(A^{\{1)},A^{(2)},A^{(3)})}{P(A^{(2)})P(A^{(3)})}\log\frac{P(A^{(1\rangle},A^{(2)},A^{(3)})}{P(A(2),A(3))}$
$=- \sum_{A(1),A(3\}}P(A^{(1\rangle}, A^{(3)})\log P(A^{(1)}, A^{(3)})+\sum_{A(3)}P(A^{(3)})\log P(A^{(3)})\sum_{A(1)}P(A^{(1)}|A^{(3)})$
$+, \sum_{A^{(2)A^{(3)}}A^{(1)}},P(A^{(1)}, A^{(2)}, A^{(3)})\log P(A^{\langle 1)}, A^{(2)}, A^{(3)})$





$M(i_{1},i_{2}|i_{3})=H(i_{1},i_{3})-H(i_{3})-H(i_{1}, i_{2}, i_{3})+H(i_{2}, i_{3})$
Prop. $M(i_{1}, i_{2}, i_{3})= \sum_{j=1}^{3}H(i_{j})-$ $\sum_{\dot{\Delta},1<<k\leq 3}H(i_{j}, i_{k})+H(i_{1}, i_{2}, i_{3})$ .
(proof) $M(i_{1}, i_{2}, i_{3})=M(i_{1}, i_{2})-M(i_{1},i_{2}|i_{3})l^{\sim}(-$
$M(i_{1}, i_{2})=H(i_{1})+H(i_{2})-H(i_{1}, \mathrm{i}_{2})$ ,
$M(i_{1},i_{2}[i_{3})=H(i_{1}, i_{3})-H(i_{3})-H(\mathrm{i}_{1},i_{2}, i_{3})+H(i_{2}, i_{3})$
$\blacksquare$
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$M(i_{1}, \mathrm{i}_{2}, \cdots, i_{n})$ $M(i_{1}, \cdots, i_{n-1})$ $M(i_{1}, \cdots, i_{n-1}|i_{n})$
$M(\mathrm{i}_{1}, \cdot . . , i_{n})$
$= \sum_{j1=1}^{n}H(i_{j1})-\sum_{11<\Delta<j2\leq n}H(i_{j1}, i_{j2})+\sum_{1\leq j1<j2<j3\leq n}H(\mathrm{i}_{j1}.i_{j2}, i_{j3})-\cdot$
.
. . .





$K(i_{1}, \cdots, i_{n})=\frac{M(i_{1},\cdots,i_{n})}{n}$ .
$n \sum_{i=1}H(i)$
$n$










PAPIA (Parallel Protein Information
Analysis System(PAPIA),http://www cbrc $.\mathrm{j}\mathrm{p}/\mathrm{p}\mathrm{a}\mathrm{p}i\mathrm{a}- \mathrm{c}\mathrm{g}i/\mathrm{m}\mathrm{u}1_{-}\mathrm{q}\mathrm{u}\mathrm{e}\mathrm{r}\mathrm{y}\mathrm{J}.\mathrm{p}1$ )
V31oop HIV-I V31oop
14\sim 17 GPGR( ) GPGQ( )
2 GPGR(8340 ) GPGQ(4033
) clustalW
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$\wedge$
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